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Session Objectives & Agenda
By the end of this course, you will be able to use DAX to create calculations 
in a Power BI Desktop data model. Specifically you will be able to: 

• Understand basic concepts of Data 

Modeling

• Understand the consequences of 

data model design decisions

• Understand concepts of calculated 

columns and measures

• Gain familiarity with standard DAX 

patterns & CALCULATE

• Understand evaluation contexts 

and their impact on calculations

• Gain ability to parse data modeling 

formulas 



Felix Möller

Senior Azure Analytics Architect

7+ years experience in Microsoft BI

Augustin Bukvic

Senior Consultant Analytics

Who we are?



Avanade Analytics

1000+
Azure cloud native 
systems designed 

and/or built 

4,000+
Global Data 

Engineering, Data 
Scientists and AI 

Consultants  

100+
Managed Services clients 

on Azure Native 
Solutions

80
Locations                    
across 24               
countries

46%
of Global 500 
companies as 

clients

Databricks & Azure Cloud Native solution experts 

across Solution Architecture, Data Engineering, 

Advanced Analytics, and Analytics Experience    

3000+
Man years of Data & 
Analytics experience



©2019 Avanade Inc. All Rights Reserved. <Highly Confidential>

• What company do you work for?

• What experience  you have with Power BI?

• What are you source systems?

• Enterprise Data Warehouse

• Direct Access to Line of Business Systems (e.g. ERP)

• Do you use Analysis Services?

• What other Azure services are you using?

Who are you?



(E) Extract

(L) Load

(T) Transform

Model / link

Calculation

Build Report

Build Dashboard

Share / collaborate

Scale

Power BI 

Service

Power BI 

Service

Pro License

Power BI Service
Website, Cloud, Software as a Service (SaaS)

Power BI 

Service

Free License

Power BI 

Service

Publish

Power BI 

Service

Premium

Power BI 

Service

Power BI

Desktop

Power BI Desktop
Desktop client / application (offline)

No License

Query

Model

Calculate

Report

Power BI - Components
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Housekeeping

• Keep an eye on the / breaks as 

scheduled

• Please confirm your 

attendance/sign the participant list

• Feel free to ask questions at any 

time (short QA at the end of each 

module)

• Enjoy learning

• Presentation and other materials 

can be dow
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Module

Data Modeling Basics &

Power BI Desktop Internals

© 2017 Microsoft. All rights reserved.



MODULE OBJECTIVES 

• Understand what is meant by data model in the context of Power BI

• Understand the consequences of data model design decisions

• Understand Power BI’s data storage architecture and use this knowledge to 

optimize performance

• Understand consequences of Power BI’s data type handling

© 2017 Microsoft. All rights reserved.



(Prep data for Data Model)

Power BI Desktop Data Flow

Close & 
Apply

© 2017 Microsoft. All rights reserved.



• Improves understandability of the data

• Increases performance of dependent processes and systems

• Increases resilience to change

What is a Data model?

© 2017 Microsoft. All rights reserved.



Components of a data model – Fact Table

Fact

Table

© 2017 Microsoft. All rights reserved.



Components of a data model – Dim Table

Dim 

Table

Dim 

Tables

Dim 

Table

Dim 

Tables

© 2017 Microsoft. All rights reserved.



Components of a data model - Relationships

Relationships

Relationships

Relationships

© 2017 Microsoft. All rights reserved.



Data Model Brings Facts and Dimensions Together 

© 2017 Microsoft. All rights reserved.



Flat or Denormalized Schema

© 2017 Microsoft. All rights reserved.



Star Schema

• Fact table is the “Many” side 

of the (one to many) 

relationship

1Many 1 1Many 1 1

© 2017 Microsoft. All rights reserved.



Snowflake Schema

• Dim or Fact tables can be 

the “Many” side of the 

relationship

Snowflake

Facts Dims Dims Flake 

© 2017 Microsoft. All rights reserved.



Granularity & Multiple Fact Tables 

© 2017 Microsoft. All rights reserved.



©2019 Avanade Inc. All Rights Reserved. <Highly Confidential>

• Easy to understand

• Lots of inspiration for data models

• 486 pages

• https://www.amazon.de/dp/0071744320

Star Schema Book

https://www.amazon.de/dp/0071744320


Connection Types in Power BI 

© 2017 Microsoft. All rights reserved.

How can I tell what Connection Type I have?



Connection: Live Connect

© 2017 Microsoft. All rights reserved.



Connection: DirectQuery to Relational Source

© 2017 Microsoft. All rights reserved.



What is unique about Power BI Desktop in Import Mode?

Connection: Import Mode

• Columnar database

• In-memory database

© 2017 Microsoft. All rights reserved.
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SQL Server 

DB
SSAS

Power BI 

Report 1

Power BI 

Report 2

SQL DB

Power BI 

Report 1

Power BI 

Report 2

Power BI 

Dataset 

(Import)Scheduled Refresh

Excel

Excel

o
n

P
re

m
C

lo
u

d

Low end High end

PowerBI Service connection

SQL Server 

DB

Power BI 

Report 

(Import)

Power BI 

Report 1 

(Import)
Excel

Create PowerShell to 

create .odc to connect 

to SSAS within 

PowerBI

Move reports to PowerBI service. 

Move one add. report per DataMart 

up to the service. Create a new 

report pointing to this dataset, 

rebind all others via PowerShell.

Create SSAS tabular 

solution with 

DevScope PowerShell. 

Delete all objects from 

datamodell. Change 

datasource to SSAS.

Azure SQL 

DB
AzAS

Power BI 

Report 1

Power BI 

Report 2
Excel

SSIS

Manual Refresh

Just deploy the tabular 

model to Azure Analysis 

Services and change the 

connection string.

Point the Power BI report to the 

Import Dataset. Download the report 

from the web.

Just deploy the tabular 

model to nalysis Services 

and change the 

connection string.

No way to merge the 

SSAS data model into 

an existing pbix. No 

way to change SSAS 

connection to SQL 

import.

No way to do this 

directly. However 

downloading PBIX 

from Service the SSAS 

cube could be 

generated. After this 

rebind data source.

No way to convert 

AzAS to an import 

datamodel.

Import Mode cannot be changed easily



Columnar Database

First Name Last Name Sales

John Smith $10

Jane Doe $25

Hardy B $35

First Name Last Name Sales

John Smith $10

Jane Doe $25

Hardy B $35

each row separately each column separately 

• Columnar databases are well suited for analytics
© 2017 Microsoft. All rights reserved.



In-Memory Database

RAM (in memory)

Read/Write is fast

RAM space (~8GB) 

© 2017 Microsoft. All rights reserved.



How Power BI Compresses Data – Dictionary Encoding

Compressing Data – Dictionary Encoding

Sale Id Color Sales Amount

390a30e0-dc37 Red $10

390a30e1-dc37 Green $25

390a30e2-dc37 Red $35

390a30e3-dc37 Red $15

390a30e4-dc37 Red $25

390a30e5-dc37 Green $30

390a30e6-dc37 Blue $10

390a30e7-dc37 Blue $12

390a30e8-dc37 Blue $15

390a57f0-dc37 Blue $18

390a57f1-dc37 Green $25

Red 1 Green 2 Blue 3

• Dictionary encoding is powerful when there are few unique 
values 

© 2017 Microsoft. All rights reserved.



How Power BI Compresses Data – Run Length Encoding

Compressing Data – Run Length Encoding

Sale Id Color Sales Amount

390a30e0-dc37 Red $10

390a30e1-dc37 Green $25

390a30e2-dc37 Red $35

390a30e3-dc37 Red $15

390a30e4-dc37 Red $25

390a30e5-dc37 Green $30

390a30e6-dc37 Blue $10

390a30e7-dc37 Blue $12

390a30e8-dc37 Blue $15

390a57f0-dc37 Blue $18

390a57f1-dc37 Green $25

• Run length encoding very powerful when data is 
sorted 

1

2

1

1

1

2

3

3

3

3

2

Red 1 Green 2 Blue 3

© 2017 Microsoft. All rights reserved.



Practical Example of Compression

Compression

Sales Fact 420.0 MB

Dimensions 4.4 MB

Int’l Sales 32.4 MB

Total Data 456.8 MB

Query Metadata 113 KB

Almost 8X 
Compression!!

Data Model 59.4 MB

© 2017 Microsoft. All rights reserved.
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• Currently in Preview in DAX Studio

• https://github.com/DaxStudio/DaxStudio

• Available for years in Vertipaq Analyzer

• https://www.sqlbi.com/tools/vertipaq-
analyzer/

Data Model can be analyzed with DAX Studio

https://github.com/DaxStudio/DaxStudio
https://www.sqlbi.com/tools/vertipaq-analyzer/


©2019 Avanade Inc. All Rights Reserved. <Highly Confidential>

• 2009 Gemini → Power Pivot (Excel – InMemory data model)

• 2012 Power View (Excel SharePoint – Visualizations)

• 2012 Analysis Services tabular (SQL Server – inMemory engine to complement 
multidimensional)

• 2013 Data Explorer → Power Query (Excel – Data Connectivity)

• 2015 Power BI (all in one solution including hosted service)

History of Power BI

37



Phases in Building a Power BI Desktop File

Power BI Desktop Files

© 2017 Microsoft. All rights reserved.



Key takeaways to design a good Power BI Desktop data model

Designing good data models

• RAM is precious !!!!! 

remove it

• Sort columns 

try splitting Date & Time 

© 2017 Microsoft. All rights reserved.



Data Types

Set your 
Data Types

in the 
Query Editor

Set your 
Data Formats 

($ %, etc) 
in the Data Model

© 2017 Microsoft. All rights reserved.



Hierarchies

© 2017 Microsoft. All rights reserved.



Sort By Column

© 2017 Microsoft. All rights reserved.



1. What is a data model in the context of Power BI?

2. What are some advantages of a star schema over a flat or denormalized 

model?

3. How might you improve the performance of a Power BI model?

4. How does Power BI store DateTime information? What are some 

consequences of this? How should DateTime be modelled

KNOWLEDGE CHECK Module

© 2017 Microsoft. All rights reserved.



• What is a data model in the context of Power BI?

• A data model is a collection of tables and relationships

• What are some advantages of a star schema over a flat or denormalized model?
• Dimension tables save space by reducing the amount of data that needs to be repeated over and over in every row

• Relationships between tables can be leveraged for more complex measures

• How might you improve the performance of a Power BI model?
• Try using a star schema instead of a flat or denormalized model

• Remove unnecessary columns

• Set appropriate data types

• How does Power BI store DateTime information? What are some consequences of 

this?

• DateTime information is stored as a floating-point decimal number. This means 

that datetimes are very precise but not very efficient to store.

KNOWLEDGE CHECK ANSWERS Module

© 2017 Microsoft. All rights reserved.
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http://aka.avanade.com/ppwt2019pbix

Download example pbix

© 2017 Microsoft. All rights reserved.

http://aka.avanade.com/ppwt2019pbix


Module Lab

© 2017 Microsoft. All rights reserved.
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Module

DAX Calculated Columns 
& Measures

© 2017 Microsoft. All rights reserved.



MODULE OBJECTIVE 

• Understand differences between calculated columns and measures (uses, 

evaluation, performance, etc.)

© 2017 Microsoft. All rights reserved.
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DAX Level Set

• DAX looks similar to Excel functions, but they have key differences

• DAX is a very deep and elegant…

• This class provides a solid base in DAX, but don’t expect to leave being able 

to write the most complex DAX patterns – they take practice.

© 2017 Microsoft. All rights reserved.
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DAX Foundations

Path to DAX Expertise

© 2017 Microsoft. All rights reserved.



DAX Foundations

© 2017 Microsoft. All rights reserved.



What is a Calculated Column?

Calculated Column

© 2017 Microsoft. All rights reserved.



Calculated Column in DAX

Calculated Column

© 2017 Microsoft. All rights reserved.
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https://sql.bi/439946

More Details on this topic

© 2017 Microsoft. All rights reserved.

https://sql.bi/439946


Calculated Column – Accessing columns from other Tables in model

Calculated Column

© 2017 Microsoft. All rights reserved.



Row Context and Multiple Tables – RELATED Function

RELATED Function

Sales[COGS] = RELATED(ProductDim[Unit Cost]) * Sales[Units]

© 2017 Microsoft. All rights reserved.



RELATED Function Example

RELATED Function

Sales [City State]= RELATED(GeographyDim[City]) & “, ” & RELATED(GeographyDim[State])

© 2017 Microsoft. All rights reserved.



When is a Calculated Column Evaluated?

DAX Foundations

© 2017 Microsoft. All rights reserved.



Best Practices with DAX Calculated Columns

Best Practices – Calculated Columns

© 2017 Microsoft. All rights reserved.



DAX Foundations

© 2017 Microsoft. All rights reserved.



What is a Default Summarization?

Default Summarization

© 2017 Microsoft. All rights reserved.
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• It is considered best practice to not use implicit measures

• Excel does not work with implicit measures

Never use Implicit Measures



Quick Measures are wizard driven DAX calculations

Quick Measures

© 2017 Microsoft. All rights reserved.

https://community.powerbi.com/t5/Quick-Measures-Gallery/bd-p/QuickMeasuresGallery



What is a Measure?

Measures

[Total Sales]=SUM(Sales[Sales Amount])

© 2017 Microsoft. All rights reserved.



Measure, Use Case 1: Using One Measure in Another

Measures

[Profit] = SUM(Sales[Sales Amount])-SUM(Sales[COGS])

[Profit] = [Total Sales]- [Total COGS]

© 2017 Microsoft. All rights reserved.



Measure, Use Case 2: More Complex Calculations

Measures

[Profit Margin %] = [Profit] / [Total Sales]

[Profit Margin %] = DIVIDE([Profit] , [Total Sales])

© 2017 Microsoft. All rights reserved.
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Customer Tons Price Price Per Ton

C1 5 10,00 € 2,00 €

C2 20 20,00 € 1,00 €

C1 5 12,00 € 2,40 €

C3 10 5,00 € 0,50 €

Total 40 47,00 € ???

Think about the order of aggregation!

Row-wise

Option 1: 2 + 1+ 2,4 + 0,5 = 5,90 EUR

Option 2: AVG(2 ; 1; 2,4 ; 0,5) = 1,48 EUR

First aggregate

Option 3: 47 EUR / 40 = 1,18 EUR



Measure, Use Case 3: More Complex Calculations Using Variables

Measures

MobileSalesLastYear = 

VAR MobileProducts = FILTER(

ALL('CampaignDim'[Device]),

CampaignDim[Device]="Mobile"

)

VAR LastYear = SAMEPERIODLASTYEAR('DateDim'[Date])

RETURN

CALCULATE(SUM(Sales[Sales 
Amount]),MobileProducts,LastYear) 

© 2017 Microsoft. All rights reserved.
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- Formats any DAX measure 

- https://www.daxformatter.com/

Dax Formatter makes measures easier to read 

https://www.daxformatter.com/


When is a Measure Evaluated?

DAX Foundations

© 2017 Microsoft. All rights reserved.



Calculated Column vs. Measure - When to Use What

Calculated Column vs. Measure

Slicer

Rows

Columns

Values

Rule of Thumb for Calculated Column vs Measure 

• Calculated Column – Use in Page, Report & Visual Filters as well as Slicers, Rows and Columns

• Measures                - Use in Values section 

© 2017 Microsoft. All rights reserved.



KNOWLEDGE CHECK Module

© 2017 Microsoft. All rights reserved.



KNOWLEDGE CHECK ANSWERS Module

© 2017 Microsoft. All rights reserved.



Module Lab

© 2017 Microsoft. All rights reserved.
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Module

CALCULATE



MODULE 3 OBJECTIVE 

• Understand the basics of the CALCULATE formula

© 2017 Microsoft. All rights reserved.
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DAX Foundations

PATH to DAX Expertise

© 2017 Microsoft. All rights reserved.



Why is CALCULATE Useful?

CALCULATE

You create a report of 

breakdown of Sales by Month 
Typical Business Question: 

Provide a break out of this Sales from Desktop

© 2017 Microsoft. All rights reserved.



Here is how you do it with CALCULATE

CALCULATE

[Desktop Sales] = CALCULATE([Total Sales], CampaignDim[Device] = "Desktop")

• Use CALCULATE function to create a Measure which filters down to Desktop Sales

© 2017 Microsoft. All rights reserved.



Anatomy of CALCULATE

CALCULATE

CALCULATE(Expression, [Filter 1], [Filter 2]…..)

Filter Arguments

• EXPRESSION used as the first parameter is essentially the same as a measure 

• CALCULATE works differently from other DAX functions 

• The second set of arguments, i.e. the “Filter arguments,” are evaluated and applied first 

• Then the Expression is evaluated under new “Filter Context"

© 2017 Microsoft. All rights reserved.



CALCULATE – The Most Important Function in DAX

CALCULATE – Add Filter

© 2017 Microsoft. All rights reserved.



CALCULATE – Add Filter

[Desktop Sales] = CALCULATE([Total Sales], CampaignDim[Device] = "Desktop")

[Tablet Sales] = CALCULATE([Total Sales], CampaignDim[Device] = “Tablet")

[Mobile Sales] = CALCULATE([Total Sales], CampaignDim[Device] = “Mobile")

*When the Device Slicer is selected, only “Total Sales” changes. 

© 2017 Microsoft. All rights reserved.



CALCULATE – The Most Important Function in DAX

CALCULATE – Ignore Filter

© 2017 Microsoft. All rights reserved.



CALCULATE – Ignore an Existing Filter

[Total Sales All Geo] = CALCULATE([Total Sales], ALL(GeographyDim))

*Ignore filter on ANY column from the GeographyDim table, but allows filters from Year 

© 2017 Microsoft. All rights reserved.



CALCULATE – Ignore an Existing Filter

[Total Sales All States] = CALCULATE([Total Sales], ALL(GeographyDim[State]))

*Ignore filter on the STATE column from the GeographyDim table, but allows filters from Year

© 2017 Microsoft. All rights reserved.



CALCULATE – Ignore Existing Filter

[Total Sales All Selected States] = CALCULATE([Total Sales], ALLSELECTED(GeographyDim[State]))

*Ignore filter on the STATE column from the GeographyDim table, but allows filters from Year

© 2017 Microsoft. All rights reserved.



CALCULATE – The Most Important Function in DAX

CALCULATE – Update Filter

© 2017 Microsoft. All rights reserved.



CALCULATE – Update Existing Filter

[2014 Sales] = CALCULATE([Total Sales], DateDim[Year] = 2014)

*Ignores filter on the Year Slicer

© 2017 Microsoft. All rights reserved.



CALCULATE – The Most Important Function in DAX

CALCULATE – Convert Row Context to Filter Context

© 2017 Microsoft. All rights reserved.
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Use the time to get in contact with your 
classmates and instructors!!

Lunch
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Module
DAX Evaluation Contexts 



MODULE 4 OBJECTIVES 

• Understand that there are different kinds of evaluation contexts and be able 

to explain what different contexts are in play

• Be able to use iterator functions and CALCULATE to create sophisticated 

measures

© 2017 Microsoft. All rights reserved.
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DAX Foundations

PATH to DAX Expertise

© 2017 Microsoft. All rights reserved.



Evaluation Context

There are two contexts under which calculations are evaluated

© 2017 Microsoft. All rights reserved.



Row context in Calculated Column

Sales[COGS] = RELATED(ProductDim[Unit Cost]) * Sales[Units]

© 2017 Microsoft. All rights reserved.



Evaluation Context

Both Calculated Columns and Measures are always evaluated under two contexts

© 2017 Microsoft. All rights reserved.



Filter Context in Measures

[Total Sales] = SUM(Sales[Sales Amount])

Filter Context for current coordinate Year = 2015, State = HI, Quarter = Q1

© 2017 Microsoft. All rights reserved.



Filter Context in a Measure – Example 2

[Total Sales] = SUM(Sales[Sales Amount])

Filter Context : Year = 2015, Quarter = Q1 Filter Context : Year = 2015, Quarter = Q2

Filter Context in a Measure 

© 2017 Microsoft. All rights reserved.



Filter Context in a Measure

[Total Sales] = SUM(Sales[Sales Amount])

under a filter context

Filter Context in a Measure 

© 2017 Microsoft. All rights reserved.



Filter Context and Multiple Tables 

© 2017 Microsoft. All rights reserved.



Filter Context and Multiple Tables 

Filter Context and Multiple Tables 

© 2017 Microsoft. All rights reserved.



Filter Context and Multiple Tables – Right Arrow Direction 

Arrow allows filters

Arrow allows filters

Cross filtering 
works properly

Filter Context and Multiple Tables 

© 2017 Microsoft. All rights reserved.



Filter Context and Multiple Tables – Wrong Arrow Direction 

Arrow does not allow 
filters to flow to 
DateDim

Arrow allows filters

Cross filtering 
does not work

Filter Context and Multiple Tables 

© 2017 Microsoft. All rights reserved.



• Since June 2019 Power BI allows to filters slicers by a measure and thus many use cases for bi-
directional relationships have gone away

Bidirectional filters are dangerous!

The presence of that bidirectional cross-filter is going to quickly 
create our worst nightmare

https://www.sqlbi.com/articles/bidirectional-relationships-and-ambiguity-in-dax/

https://www.sqlbi.com/articles/bidirectional-relationships-and-ambiguity-in-dax/


Evaluation Context Multiple Table – Summary and Take Aways

Row Context Filter Context 

Evaluation Context and Multiple Tables 
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DAX Function Types
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Applications of Table functions
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Basic TABLE functions

Return All Rows Return Distinct Rows Return Filtered Rows
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Basic Table functions – Return All Rows

ALL

ALL(GeographyDim) ALL(GeographyDim[Region]))

ALL with Entire Table ALL with One Column ALL with Multiple Columns

ALL(GeographyDim[Region], 

GeographyDim[State])

© 2017 Microsoft. All rights reserved.



Basic Table functions – ALL versions

• ALL

• ALLEXCEPT

• ALLSELECTED

• ALLNONBLANKROW 
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Basic Table Functions – Return Distinct Rows

• VALUES –

• DISTINCT 
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Basic Table Functions – Return Filtered Set of Rows

FILTER(ALL(GeographyDim[Region], GeographyDim[State]), GeographyDim[Region] = “Central”) 
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DAX Iterator Functions Take Advantage of Evaluation Context

DAX Iterator Functions 
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Table Functions Application – Iterators

[COGS] = SUMX(Sales, Sales[Units] * RELATED(ProductDim[Unit Cost]))

Argument 2Argument 1
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Table Functions Application – Iterators

[COGS] = SUMX(Sales, Sales[Units] * RELATED(ProductDim[Unit Cost]))

Iterate through each row in Argument 1

Sales

Argument 1
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[COGS] = SUMX(Sales, Sales[Units] * RELATED(ProductDim[Unit Cost]))

Sales

ProductDim

Argument 2

Table Functions Application – Iterators
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Row Context in a Measure – Iterator Functions

[COGS] = SUMX(Sales, Sales[Units] * RELATED(ProductDim[Unit Cost]))

SUM it up

SUM up list obtained
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Why Can an Iterator be a Better Approach then a Calculated Column?

Iterators
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CALCULATE – Converting Row Context to Filter Context (Example 1) 

DAX Foundations

Sales velocity Segment = IF(

SUMX(RELATEDTABLE(Sales), Sales[Sales Amount])>=200000,                     

“High  Velocity”, 

“Low Velocity”)

Sales Velocity (Using CALCULATE) = IF (

CALCULATE(SUM(Sales[Sales Amount])) >= 200000, 

"High Velocity", 

"Low Velocity")
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Other Iterator Functions

AVERAGEX , PRODUCTX, MINX, MAXX– All work the same way as SUMX

RANKX – Works similar to SUMX, but slightly more complex (more 

options)

© 2017 Microsoft. All rights reserved.



Table Functions – Summary and Application

CALCULATE is one of the primary places where Table functions are used

© 2017 Microsoft. All rights reserved.



KNOWLEDGE CHECK Module

© 2017 Microsoft. All rights reserved.



KNOWLEDGE CHECK ANSWERS Module
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Module Lab 
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Module

Advanced DAX
Time Intelligence Functions



MODULE OBJECTIVES 

• Be able to parse advanced DAX formulas (e.g., cumulative functions)

• Gain familiarity with standard DAX patterns

• Introduction to resources for further learning

© 2017 Microsoft. All rights reserved.
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Before we get to Time Intelligence - Let us apply all of the DAX 
techniques 

Advanced DAX

[SalesYTD] =

CALCULATE (

[Total Sales], 

FILTER (

ALL ( DateDim), 

DateDim[Year] = MAX ( DateDim[Year] )

&& DateDim[Date] <= MAX(DateDim[Date])

)

)

© 2017 Microsoft. All rights reserved.



Before we get to Time Intelligence - Let us apply all of the DAX 
techniques 

Advanced DAX

[SalesYTD] =

CALCULATE (

[Total Sales], 

FILTER (

ALL ( DateDim), 

DateDim[Year] = MAX ( DateDim[Year] )

&& DateDim[Date] <= MAX( DateDim[Date] )

)

)
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Let us apply all of the data modeling techniques 

Advanced DAX

[SalesYTD] =

CALCULATE (

[Total Sales], 

FILTER (

ALL ( DateDim), 

DateDim[Year] = MAX ( DateDim[Year] )

&& DateDim[Date] <= MAX( DateDim[Date] )

)

)
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Let us apply all of the data modeling techniques 

Advanced DAX

[SalesYTD] =

CALCULATE (

[Total Sales], 

FILTER (

ALL ( DateDim), 

DateDim[Year] = MAX ( DateDim[Year] )

&& DateDim[Date] <= MAX(DateDim[Date] )

)

)
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Let us apply all of data modeling techniques 

Advanced DAX

[SalesYTD] =

CALCULATE (

[Total Sales], 

FILTER (

ALL ( DateDim), 

DateDim[Year] = MAX ( DateDim[Year] )

&& DateDim[Date] <= MAX(DateDim[Date] )

)

)
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Let us apply all of the data modeling techniques 

Advanced DAX

[SalesYTD] =

CALCULATE (

[Total Sales], 

FILTER (

ALL ( DateDim), 

DateDim[Year] = MAX ( DateDim[Year] )

&& DateDim[Date] <= MAX(DateDim[Date] )

)

)
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Introducing Time Intelligence – There is a Function for that!!

Advanced DAX – Time Intelligence

[SalesYTD Easier] =

CALCULATE (

[Total Sales], 

DATESYTD(DateDim[Date])

)

© 2017 Microsoft. All rights reserved.
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Advanced DAX – Time Intelligence

[SalesYTD Even Easier] =

TOTALYTD(

[Total Sales]

)



Advanced DAX – Month over Month

Total Sales Last Month = 

CALCULATE([Total Sales], 

PREVIOUSMONTH(DateDim[Date]))

MoM = 

DIVIDE([Total Sales] - [Total Sales Last Month],

[Total Sales Last Month])

© 2017 Microsoft. All rights reserved.



Advanced DAX – Monthly Active Users

© 2017 Microsoft. All rights reserved.



Other Time Intelligence Functions

Advanced DAX – Time Intelligence

DATESINPERIOD

DATESYTD

DATESQTD

NEXTMONTH

NEXTYEAR

PREVIOUSYEAR

PREVIOUSMONTH

SAMEPERIODLASTYEAR

PARALLELPERIOD
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KNOWLEDGE CHECK Module

• Can I parse advanced DAX formulas?

• What are some standard DAX patterns?

• Which time intelligence functions are built-in to DAX?

© 2017 Microsoft. All rights reserved.
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KNOWLEDGE CHECK ANSWERS Module

• Can I parse advanced DAX formulas?

• Yes I can!

• What are some standard DAX patterns?

• CALCULATE(…)

• Which time intelligence functions are built-in to DAX?

• Lots of them…YTD, FY, previous month, etc

© 2017 Microsoft. All rights reserved.
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Measure Switching
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Measure Switching – Challenge 
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Measure Switching – Implementation I/
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Measure Switching – Implementation II/
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Measure Switching – Implementation III/
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Measure Switching – Result
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Dimension Switching – Challenge 
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Dimension Switching
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Dimension Switching – Implementation I/
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Dimension Switching – Implementation II/
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Dimension Switching – Implementation III/
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Dimension Switching – Implementation IV/
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Dimension Switching – Result



16:45 – 17:00TogetherQuestions10

15:45 – 16:45Felix M.Essential Tools9

15:15 – 15:45Augustin B.DAX Best Practices8

15:00 – 15:15Afternoon break

14:30 – 15:00Felix M.DAX Modelling: Measure and Dimension Switching7

14:00 – 14:30Felix M.Data Modelling: Time Intelligence Functions6

13:00 – 14:00Augustin B.DAX Evaluation Contexts5

12:00 – 13:00Lunch

11:30 – 12:00Felix M.CALCULATE4

10:30 – 11:30Augustin B.DAX Calculated Columns & Measures3

10:15 – 10:30Mid Morning break

09:15 – 10:15Felix M.DAX Modelling Basis & Power BI Desktop Internals2

09:00 – 09:15TogetherIntroduction and Overview1

Agenda

© 2017 Microsoft. All rights reserved.

162



16:45 – 17:00TogetherQuestions10

15:45 – 16:45Felix M.Essential Tools9

15:15 – 15:45Augustin B.DAX Best Practices8

15:00 – 15:15Afternoon break

14:30 – 15:00Felix M.DAX Modelling: Measure and Dimension Switching7

14:00 – 14:30Felix M.Data Modelling: Time Intelligence Functions6

13:00 – 14:00Augustin B.DAX Evaluation Contexts5

12:00 – 13:00Lunch

11:30 – 12:00Felix M.CALCULATE4

10:30 – 11:30Augustin B.DAX Calculated Columns & Measures3

10:15 – 10:30Mid Morning break

09:15 – 10:15Felix M.DAX Modelling Basis & Power BI Desktop Internals2

09:00 – 09:15TogetherIntroduction and Overview1

Agenda

© 2017 Microsoft. All rights reserved.

163



Module

DAX Best Practices
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MODULE OBJECTIVES 

• Emphasize importance of writing efficient DAX measures

© 2019 Microsoft. All rights reserved.



Use variables instead of repeating measures

Ratio = IF([Total Rows] > 10, SUM(Revenue) /[Total Rows], 0)

VAR totalRows = [Total Rows];

Ratio = IF(totalRows > 10, SUM(Revenue) / totalRows,0)

© 2019 Microsoft. All rights reserved.



Use DIVIDE() instead of /

• DIVIDE() function has 3rd extra parameter which is returned in case of denominator 

being zero

• It internally performs check to validate if the denominator is 0

• There is no need to use IF condition along with '/' operator to check for invalid 

denominator

• DIVIDE() also checks for ISBLANK()

:

© 2019 Microsoft. All rights reserved.



Calculate ratios efficiently

Use (a-b)/b with variables instead of a/b – 1 or a/b*100 – 100

• We can achieve the same performance by using variables and using (a-b)/b to 

calculate ratio

• If both a and b are blank values, then (a-b)/b would return blank and would be 

filtered out where as a/b – 1 would return -1 and increase query space
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Don’t change blanks to zeros or other values

• Sometimes people replace blanks with zeros or other strings

• Power BI automatically filters out all the rows with blank values from query results

• If the blanks are replaced, the query space is greatly increased
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Use SELECTEDVALUE() instead of HASONEVALUE()

• A common pattern is to use HASONEVALUE() to check if there is only one value 

present for a column after applying slicers and filters and then use 

VALUES(ColumnName) DAX function to get the single value

• SELECTEDVALUE() performs both the above steps internally and gets the value if 

there is only one distinct value present for that column or returns blank in case 

there are multiple values available
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Use SELECTEDVALUE() instead of VALUES()

• Instead of using that, SELECTEDVALUE() must be used which is a safer function and 

returns blank in case of multiple values being encountered
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Use DISTINCT() and VALUES() functions consistently

• Power BI adds a Blank value to the column in case it finds referential integrity 

violation

• For direct query, Power BI by default adds blank value to the columns as it does not 

have a way to check for violations

• Difference :
• DISTINCT(): Does not return blank which is added due to integrity violation. It includes blank only if it is part 

of original data
• VALUES(): It includes blank which is added by Power BI due to referential integrity violation

• The usage of either of the function should be same throughout the whole report

• Power BI recommends to use VALUES() in the whole report if possible and blank 

value is not an issue
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Avoid using IFERROR() and ISERROR()

• IFERROR() and ISERROR() are sometimes used in measures

• These functions force Power BI engine to perform step by step execution of each 

row to check for errors as there is currently no way which directly states which row 

returned the error

• FIND() and SEARCH() DAX functions provide an extra parameter which can be 

passed and is returned in case of the search string not present – avoids use of 

IFERROR/ISERROR

• Both of this functions are currently also used to check for divide by zero error or 

along with values to check if more than one values are returned. 

• Can be avoided by using the correct DAX functions like DIVIDE() and 

SELECTEDVALUE() which performs the error check internally and returns the 

expected results
© 2019 Microsoft. All rights reserved.



Use ISBLANK() instead of =BLANK() check

• Use inbuilt function ISBLANK() to check for any blank values instead of using 

comparison operator “= Blank()”

• ISBLANK() is faster
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Use FILTER(ALL(ColumnName))

• To calculate measures ignoring all the filters applied on a column, use 

All(ColumnName) function along with the FILTER instead of Table or VALUES().
E.g.: CALCULATE([Total Sales], FILTER(ALL(Products[Color]), Color = 'Red’))

• Directly applying filters using expressions and not using FILTER function behaves in 

the same way as mentioned above and it internally translates to use ALL function in 

the filter
E.g.: CALCULATE([Total Sales], Products[Color]= 'Red’)) ->

CALCULATE([Total Sales], FILTER(ALL(Products[Color]), Products[Color]= 'Red’))

• It is always better to apply filters at desired column than the whole table

• Always use ALL along with FILTER function if there is no specific need to keep 

current context

• https://pbidax.wordpress.com/2016/05/22/simple-filter-in-dax-measures/
• https://www.sqlbi.com/articles/filter-arguments-in-calculate/

© 2019 Microsoft. All rights reserved.
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Do not use scalar variables in SUMMARIZE()

• SUMMARIZE() traditionally used to perform grouping of columns and get the 

resulting aggregations along with it

• It is recommended to use SUMMARIZECOLUMNS() function which is a newer more 

optimized version

• SUMMARIZE function should only be used to get just the grouped elements of a 

table without any measures/aggregations associated with it. 

E.g. SUMMARIZE(Table, Column1, Column2)
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Avoid using ADDCOLUMNS() in measure expressions

• Measures are calculated in iterative manner by default

• If measure definitions use iterative functions like AddColumns, it create nested 

iteration which downgrades the performance
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Avoid string manipulation in measures

• Slows down measures

• Work is done in calculation engine

© 2019 Microsoft. All rights reserved.



Performance Analyzer

Using Performance Analyzer:

• You will know how each of your 

report elements, such as visuals 

and DAX formulas, are performing

• You can see and record logs that 

measure how each of your report 

elements performs when users 

interact with them, and which 

aspects of their performance are 

most (or least) resource intensive

© 2019 Microsoft. All rights reserved.



KNOWLEDGE CHECK Module

• Which of these are best practice ?

• isBlank() or comparison operation =Blank()

• SELECTEDVALUE() or HASONEVALUE()

• DIVIDE() or IFERROR()

• Using variables or repeating calculations

© 2019 Microsoft. All rights reserved.



KNOWLEDGE CHECK ANSWERS Module

• Which of these are best practice ?

• isBlank() or comparison operation =Blank()

• SELECTEDVALUE() or HASONEVALUE()

• DIVIDE() or IFERROR()

• Using variables or repeating calculations

© 2019 Microsoft. All rights reserved.
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• Format Queries

• Analyze Memory Usage

• Trace Queries

• Execute Queries

• https://github.com/DaxStudio/Da
xStudio

Dax Studio

183
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• Stable Editor for Analysis Services 
Models (same engine as Power BI)

• Automation of measure creation

• https://github.com/otykier/Tabular
Editor

Tabular Editor

184
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- Source 
control is 
important

- Power BI 
currently is 
very bad for 
source 
control

- https://dev.a
zure.com

Azure Repos

185
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• At Avanade we heavily use Azure DevOps to automate deployments

• See my talk at SQL Saturday two weeks ago 
https://www.sqlsaturday.com/880/Sessions/Details.aspx?sid=92840

Azure DevOps

186

https://www.sqlsaturday.com/880/Sessions/Details.aspx?sid=92840


©2019 Avanade Inc. All Rights Reserved. <Highly Confidential>

• Allow to access Power BI workspaces to be accessed from PowerShell

• https://github.com/microsoft/powerbi-powershell

PowerShell Power BI cmdlets

187
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• https://dax.guide/

DAX Guide
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Any open questions? We are happy 
to help!

Questions?
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The training material is updated continuously by Microsoft 
https://community.powerbi.com/t5/Community-Blog/Power-BI-Training-Content/ba-
p/807161#AdvModeling

Training Materials
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